The mutation responsible for Hunt-ington's disease is a polymorphic (CAG).
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repeat sequence which is expanded on affected chromosomes. The number of repeat units observed on 229 affected chromosomes varied from 27 to 102, while the control chromosomes showed a range of 7 to 34 repeats. There was a highly significant relationship between the size of the expanded region and age at onset, larger mutations being associated with earlier onset. This association was strongest in those with onset before 25 years of age but less clear cut with later onset, and is therefore unlikely to be useful for predicting age at onset in the context of presymptomatic testing. Huntington's disease (HD) is a chronic degenerative disorder of the central nervous system which is inherited as an autosomal dominant trait. Affected subjects suffer from chorea, impaired motor coordination, dementia, and a variety of psychiatric problems; the disorder follows a progressive course leading eventually to death after an interval of about 15 Non-isotopic amplification of the (CAG)n repeat was carried out using primers modified from the original report by the HD Collaborative Group.2 The products were separated on 6% denaturing polyacrylamide gels and visualised using the silver staining method developed in our own laboratory. Fixed gels were made permanent by drying between two sheets of moistened cellophane and photographed.
Allele sizes were estimated relative to a log plot of OX174 DNA sequence markers.
Results
Results were obtained from 234 affected subjects, but for six cases the number of repeats seen in the larger allele fell well within the range seen in normal persons. One of these Mutation size and age at onset in Huntington's disease The relationship between mutation size and age at onset in affected subjects is shown in tables 4 and 5. The mean number of repeats in the larger allele (table 4) was greatest in those with an onset before 25 years of age, and least in those with a very late onset after 65 years of age. The two subjects in our series with an onset before the age of 10 years accounted for the highest values of 102 and 86 repeats, respectively. This inverse relationship between the size of the larger allele and age at onset was In view of the previous observation that paternal transmission of the HD mutation is associated with a tendency to earlier onset in the child, we examined the correlation between the number of repeats in the mutant allele in affected parent-child pairs. Data were available from a total of 21 pairs; in 11 cases the mother was the affected parent, and in the remaining 10 it was the father who was affected. It should be noted that 11 of these pairs involved examination of DNA from a child who had had an adverse predictive test result but is not yet symptomatic. The mean number of repeats between parent and child was highly correlated regardless of the sex of the transmitting parent (table 6) . However, the mean number of repeats in offspring of affected fathers was greater by 7-44 than the mean for the fathers, while no such increase was noted in the children of affected mothers. Previous studies have shown a relationship between the sex of the affected parent and age at onset in the child, paternal transmission being associated with slightly earlier onset; juvenile onset in particular usually occurs in the context of paternal transmission.' There has been much speculation about possible reasons for this paternal transmission effect,9 but the results of the present study indicate a highly significant difference in the number of repeats on HD chromosomes of maternal and paternal origin and there can be little doubt that it is this variability in the mutant HD allele rather than an effect of imprinting or modifying genes elsewhere which is responsible for the phenomenon.
The explanation for this difference between HD chromosomes of paternal and maternal origin can be found in the analysis of affected parent-child pairs summarised in table 6 . As would be expected, there were strong correlations between the number of repeats in parent and child, regardless of the sex of the affected parent. However, the mean number of repeats had increased between generations in the offspring of affected fathers, whereas this was not seen in the children of affected mothers. Examination of the individual cases indicates that almost all of this increase was contributed by just three pairs, two of which were associated with onset before the age of 20 years in the affected child. It therefore appears that paternal transmission is associated with the poten-tial for instability of the mutation at meiosis, accounting for cases of anticipation in the male line.
The finding of an association between mutation size and age at onset raises the question of whether it will be possible to predict the age at onset for presymptomatic subjects receiving an adverse predictive test result. It will be seen from an examination of fig 2 that there were no subjects with fewer than 40 repeats who had an onset before the age of 25 years, and none with more than 60 repeats who were still asymptomatic at 40 years. The majority of subjects have between 40 and 49 repeats, and of these around 310% had an onset before the age of 40, while 69% had a later onset. For those with 50 to 59 repeats, all but 3.7% were affected before 40 years, with 33% having an onset before the age of 25. These observations are likely to be of limited utility in practice because most at risk subjects seeking predictive tests are already over the age of 25 at the time of testing.
